Abstract. In the paper is presented methodology of the X-ray image processing applica- 
Introduction
The silo discharging process is very often uses in various branches of industry to introduce material in form of powders or grain to production line, after their storing in container. The main tasks of these containers are protection and storing solid materials and also as an important link between transporting lines in many industrial processes [24, 3, 28] . Silos are often used also to heating or cooling, aeration or fumigation of powders. In industry plants can one meet silo for mixing and blending of products. Depending on destination can find in industry many types of silos with different in size, shape or material of construction. In presented paper the investigated flow takes place in a model silo used for storing and protecting particle.
The gravitational flow appears after open the silo outlet.
A typical way to unload a bulk material is gravitational flow. Most of industrial products are produced as powders or grains and many of them are stored in containers, majority in silos. These facts show, that proper silo discharging process is very important aspect of a lot of mon-108 K. Grudzien itoring system in industry. The main task of monitoring system is analysis of solid structure behaviour and predict unwanted phenomena, which can lead to deterioration in product quality or even stop the production process. The measurement of bulk solid flow in silo model, before construction of industrial silo, are necessary to avoid these problems.
Types of silo flow
Silo discharging process, enforced by gravity, can be split into two main types flow: funnel/core and mass flow (see Fig. 1 ), [19, 24, 28, 23, 6, 5] . Depending on the silo construction parameters: roughness of silo wall, hopper part angle, height of the silo bin section, particle properties, especially mechanical properties, during silo discharging process can be observed the mass or funnel flow. The mass flow is characterized by movement of every particle, which occurs after opening the outlet. The velocity of particle can be different, depend on their position, relatively to silo wall, their height above the outlet and, of course, their localization in hopper or bin silo part. In contrast to mass flow, during a funnel flow the particle in an area above the opening outlet only flows downwards [18, 3] .
The rest of material is creating stagnant zone close to the silo wall. Sometimes is observed mixed flow, where funnel flow occurs in the lower part of silo and mass flow in the higher part ( Fig. 1(a) ). The results presented in paper concern on mass flow phenomena.
During mass flow, as was mentioned earlier, all particle are moving. However the velocity typically is different across the cross-section of silo. The velocity distribution in silo is depend on distance of particle to wall and its height above silo outlet. Schulze divided the silo area in 3 main parts [23] . On [23] responsible for the emergent complexity of phenomena during the silo unloading process.
Distribution of material concentration in silo
The concentration changes in granular materials during silo discharging process is very complex due to appearing localization of the deformation in the form of narrow zones of intense shearing [13, 16, 25, 20, 12] 
Laboratory set-up
The presented results in paper concern the application of X-ray tomography system and 2D radiography image pro- 
Silo model
The experiments were carried out with rectangular perspex symmetric mass flow model silo consisting of the bin and the hopper part (see Fig. 2 ). The detailed description of the silo model was presented at [12] . (Fig. 3 ). In the presented paper the analysis focuses only on X-ray radiography images. The the measurement setup was described in details at [13, 1, 11, 10, 12] .
X-ray data interpretation
The proposed methodology to investigate of silo flow based on 2D X-ray images analysis was presented by authors in previously publications [13, 12] . On Fig. 5 is depicted rules of X-ray photon beams attenuation by object between X-ray source and 2D flat panel detector.
The attenuated X-radiation reaches the detector, after scanning the investigated object. The each pixel on 2D 
X-ray image analysis
The important aspect of radiography image processing has first step -image contrast correction. It can be applied 
where 
The same situation for component B:
The component B is considering as normalized value 1, hence can be written: 112 K. Grudzien
The volume fraction of two components satisfies the relationships α A + α = 1, in this context can be written:
it allows to write:
and after next mathematical transformation:
In order to find the different between linear absorption coefficients for two components, the relationships between photons intensity on detector for these two components can be analyse:
what allows to determine volume fraction α A : 
Results and discussion
The analysed silo flow concerned on mass flow with different initially packing density (loose and dense) and roughness of wall (smooth and rough). The normalized X-ray radiography images for different initially packing material density and wall roughness are presented. The prepared software, which was prepared in Matlab environment and used on PC (i7 CPU 3GHz; 24GB RAM) with 64-bits operating system, allows to see concentration distribution inside silo in area scanned by X-ray tomography system. On 
